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by Daniel G. S o l t i s  

Lewis Research Center 
Cleveland, Ohio 

INTRODUCTION 

The heat  s t e r i l i z a t i o n  of spacecraft  required for lander missions has 
created a problem, spec i f i ca l ly  t h e  i n a b i l i t y  of some components t o  with- 
stand th i s  temperature environment. This i s  espec ia l ly  t r u e  of secondary 
b a t t e r i e s ,  which a re  expected t o  function normally and be capable of 
hundreds of charge-discharge cycles after s t e r i l i z a t i o n .  
however, e i t h e r  experience a s ign i f i can t  decrease i n  capacity o r  w i l l  not 
operate after undergoing t h e  s t e r i l i z a t i o n  cycle of three 36-hour periods 
a t  145O C. This f a i l u r e  o r  decrease in  capaci ty  can be a t t r i b u t e d  mainly 
t o  degradation of t h e  separator  material, and possibly,  t h e  electrodes.  

These b a t t e r i e s ,  

Because of t h i s  f ac t ,  considerable time and e f f o r t  are being expended 
Some t o  obtain b a t t e r i e s  capable of being s t e r i l i z e d  without degradation. 

progress has been made, and laboratory batteries have been b u i l t  t h a t  can 
operate f o r  a f e w  cycles a f t e r  s t e r i l i z a t i o n  although with some capaci ty  
decrease. 
i s  required,  bu t  a f l igh t - ready  u n i t  t h a t  could operate fo r  hundreds of cycles 
after s t e r i l i z a t i o n  i s  not present ly  avai lable .  
s t e r i l i z e d  without experiencing some degradation. 

These b a t t e r i e s  could perform s a t i s f a c t o r i l y  where l imi ted  cycling 

No ex i s t ing  c e l l  can be 

What p o s s i b i l i t i e s  a r e  there  t h a t  a secondary u n i t  capable of hundreds 
of cycles can be produced? 
F’ropulsion Laboratory, a few companies have invest igated t h e  p o s s i b i l i t y  
of producing a s t e r i l i z a b l e  primary o r  secondary uni t .  
cerned with t h e  approaches being used by these  labora tor ies  and t h e  current  
s t a t u s  of t h e i r  work. 
Space Company and t h e  Eagle-Picher Company a re  working with t h e  s i l v e r -  
z inc system. 
on novel separators.  Electro-Optical Systems, Inc., a subsidiary of t h e  
Xerox Corporation, i s  developing an e l e c t r i c a l l y  regenerat ive f u e l  c e l l  
t h a t  should be capable of s t e r i l i z a t i o n ,  and Gulton Indus t r ies ,  Inc. has 
t e s t e d  s t e r i l i z a b l e  components f o r  a b a t t e r y  with an inorganic separator .  

Besides  the approach being followed by t h e  J e t  

This paper i s  con- 

The Astropower Laboratory of Douglas Missi les  and 

They base t h e i r  hopes t o  achieve a s t e r i l i z a t i o n  capab i l i t y  

I n  some cases, t h e  work being car r ied  on i n  t h i s  a rea  i s  t h e  r e s u l t  
of e f f o r t s  i n  other  d i rec t ions .  
t h e  NASA-Lewis Research Center is funding. 
programs is not t o  obtain a s t e r i l i z a b l e  ba t t e ry ,  however t h e  b a t t e r i e s  
from both  programs show t h a t  they can be s t e r i l i z e d  and operated f o r  use- 
f u l  per iods of time a f t e r  high-temperature storage.  
p resent  i n  more d e t a i l  t h e  aforementioned approaches. 

This i s  t h e  case with two programs which 
The primary object ive of these  

The following resumes 
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DOUGLAS MISSILES AND SPACE COMPANY, ASTROPOWER LAE3ORATORY 

The contract  with Douglas' Astropower Laboratory, NAS3-7639, i s  
intended t o  produce an improved secondary s i lver -z inc  b a t t e r y  u t i l i z i n g  
a s t e r i l i z a b l e  inorganic separator t h a t  can operate e f f i c i e n t l y  over an 
extended temperature range (50° t o  2100 F) f o r  a t  least 1500 cycles a t  a 
25-percent depth of discharge. 
t h a t  they operate b e s t  over a narrow temperature range (50° t o  120° F) 
and have very l imited short-cycle l i v e s  (1GO t o  200 cycles)  a t  shallow 
depths of discharge. 
reduces the performance s igni f icant ly .  

Standard s i lver -z inc  c e l l s  are l imited i n  

Any var ia t ion  i n  temperature o r  depth of discharge 

The s i lver-zinc b a t t e r y  i s  a desirabie  power source i n  t h a t  it i s  
capable of providing twice the  power per u n i t  weight of the next best  
system, silver-cadmium. Astropower has developed a separator t h a t  may 
allow t h e  s i lver-zinc b a t t e r y  t o  compete w i t h  t h e  other secondary bat-  
t e r i e s  i n  terms of l i f e ,  while exceeding them i n  energy densi ty  and 
operating-temperature range. This c a p a b i l i t y  r e s u l t s  from the f a c t  t h a t  
t h e  inorganic separator withstands high temperatures, r e s i s t s  oxidation, 
and inh ib i t s  dendr i t ic  growth and t h e  migra t im of the  soluble  e lectrode 
species. 

Two-plate c e l l s  have operated f o r  more than 2703 cycles a t  2 5 O  C and 
2200 cycles a t  looo C. A t  higher temperatures, however, t h e  number of 
cycles declines t o  a point where only 3C cycles are 0-btained a t  156" 67. 
A l l  these t e s t s  were car r ied  out a t  20-percent depth of discharge. 
Charge-discharge c h a r a c t e r i s t i c s  of two t y p i c a l  c e l l s  are shown on f igures  
1 and 2. Calculations based on these da ta  ind ica te  t h a t  ampere-hour 
e f f ic ienc ies  a r e  comparable t o  commerical c e l l s .  i n  addi t ion t o  t h e  
a t t r i b u t e s  already mentioned, it has bee3 found t h a t  t h e  b a t t e r y  can be 
s t e r i l i z e d  and subsequently cycled a t  room temperature a f t e r  t h e  s t e r i l i -  
zation. Figure 3 shows the  performance of a c e l l  t h a t  had been s t e r i l i z e d  
and then tes ted.  This c e l l  ran for  over 2000 cycles after s t e r i l i z a t i o n .  
It must be pointed out t h a t  these  c e l l s  a r e  not sealed and t h a t  during the  
t e s t  e lec t ro ly te  was added. 
s ince t h e  preliminary objective w a s  t o  determine t h e  performance capabil-  
i t y  of t h e  inorganic separator. Results of t h e  t e s t i n g  of two-plate c e l l s  
have indicated t h a t  there  i s  much t o  be gained from f u r t h e r  development 
of t h i s  unit. 

No attempt has been made t o  s e a l  tho c e l l  

The next s t e p  i n  development w i l l  b e  t o  design, bui ld ,  and t e s t  a 
mult iplate  c e l l .  I n i t i a l l y ,  a 5-ampere-hour mult iplate  c e l l  w i l l  be  
developed. The assembly techniques and manufacturing processes w i l i  be  
selected s o  t h a t  an easy t r a n s l a t i o n  from t h i s  c e l l  t o  any s i z e  or 
capacity can be made. 
t h a t  a design capable of passing environmental t e s t s  and performing f o r  
a t  l e a s t  1500 cycles over a wide temperature range (250 t o  103O C )  i s  
feas ib le .  
and work i s  proceeding toward t a i l o r i n g  t h e  components t o  t h e  design. 
The t a r g e t  d a t e  f o r  completion of t h e  evaluat ion of t h e  5-ampere-hour 
c e l l  i s  December 1966. 

A preliminary look a t  t h e  muit iplate  c e l l  ind ica tes  

A preliminary design f o r  t h e  mult iple  c e l l  has been completed, 
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EAGL;E-PICHER COMPANY 

. 
Eagle-Picher has reported t h a t  it has a s i lver -z inc  b a t t e r y  capable 

of s t e r i l i z a t i o n .  An 8-ampere-hour unit  has withstood three  36-hour 
cycles a t  145O C with no apparent degradation. 
l ized,  have shown an activated-stand capabi l i ty  of over a year. Cells 
b u i l t  i n  Apri l  1965 were s t e r i l i z e d  and have undergone a charge-stand- 
discharge cycle 12  times s ince April.  Eagle-Picher has sold similar c e l l s  
t o  a number of companies f o r  tes t ing .  
of these  u n i t s  i s  desirable .  NASA-Langley Research Center and Avco a r e  
among those performing tests,  bu t  the  r e s u l t s  a r e  not  ava i lab le  as yet .  

S i m i l a r  designs, uns te r i -  

They feel  a more thorough t e s t i n g  

ELECTRO-OPTICAL SYSTEMS, INC.  

Another. program, which i s  i n  a more advanced state of development, 
i s  underway a t  Electro-Optical  Systems, Inc. (EOS). The device being 
developed i s  an e l e c t r i c a l l y  regenerative hydrogen-oxygen f u e l  c e l l .  The 
b a t t e r y  consis ts  of a c e l l  s tack t h a t  i s  u t i l i z e d  as a f u e l  c e l l  during 
t h e  discharge period and a water e lectrolyzer  during t h e  charge period. 
I n t e g r a l  gas-storage tanks contain the  hydrogen and oxygen generated during 
charge and the  e l e c t r o l y t e  holds the  water generated on discharge. 

Such a device o f f e r s  a number of advantages f o r  space appl ica t ion  
which e x i s t i n g  secondary b a t t e r i e s  do not, including the  p o t e n t i a l  f o r  
s t e r i l i z a t i o n .  
from 70' t o  150° C. 
temperatures, t h e  majority of t e s t s  having been run a t  70' t o  100 
Single c e l l s ,  6 -ce l l  b a t t e r i e s ,  and 34-cell  b a t t e r i e s  have been t e s t e d  
i n  t h e  aforementioned ranges. Figure 4 shows the  discharge character-  
i s t i c s  of a s ingle  c e l l  a t  1250 C. A t  t h i s  temperature, t h e  c e l l  per- 
forms very e f f i c i e n t l y  i n  short-time t e s t s .  
been obtained. Figure 5 shows a charge-discharge curve of a c e l l  
operating a t  1500 C. 
voltage i s  higher than a t  lower operating temperatures. Figure 6 shows 
c e l l  performance a t  75O C a f t e r  a 67-hour soak a t  150° C. For compari- 
son, performance a t  7 5 O  C p r i o r  t o  the heat soak i s  shown. A s l i g h t l y  
higher charge voltage and a lower discharge voltage were observed after 
t h e  150° C exposure. 
l o s s ,  which appears t o  be associated with oxidation of t h e  oxygen 
e l e  ctrode . 

Cells have been operated over a range of temperatures 
No extensive t e s t i n g  has been done a t  t h e  h i  her  

C. 

However, l i f e  da ta  has not 

Charge voltage i s  somewhat lower and discharge 

Work i s  now underway a t  EOS t o  eliminate t h i s  

The present performance capabi l i ty  of t h e  s i x - c e l l  f u e l  c e l l  i s  as 
follows : 

Watt-hours per pound ~ . . . ~ . 10-12 (35-min. discharge) . ~ ~ ~ . 17-20 (60-min. discharge) 

Operation temperature, OC. a . Up t o  150' 

Power leve l ,  W e . . . . . e . 90 



4 

Thermal s t e r i l i z a t i o n  capabi l i ty  . . . . . . . . S t e r i l i z a b l e  

Cycle l i f e  a t  full depth ( S O 0  C )  . . . . . . . . > 300 

Operating current density,  discharge, mA/cm' 100 

Overload capabi l i ty  . . . . . . . . . . . . . . 2 : l  

The basic  design, the  mater ia ls  of construction, and the  operating charac- 
t e r i s t i c s  a l l  indicate  that  this secondary f u e l  c e l l  should be capable of 
e f f i c i e n t  operation a f t e r  s t e r i l i z a t i o n .  

GULTON INDUSTRIES-, I N C  . 
Gulton Indus t r ies  has indicated t h a t  it has performed s t e r i l i z a t i o n  

t e s t s  on nickel-cadmium c e l l s  and some work on another s t e r i l i z a b l e  system. 
It was found t h a t  the nickel  electrode degraded during s t e r i l i z a t i o n .  
Gulton Industr ies  has, as of t h i s  date,  two electrodes and an inorganic 
separator,  which can be s t e r i l i z e d ,  although these components have not been 
t e s t e d  together i n  a c e l l .  

CONCL'JSIONS 

It appears t h a t  two or three of the approaches t h a t  have been proposed 
f o r  obtaining s t e r i l i z a b l e  secondary b a t t e r i e s  have a chance of meeting the  
requirements f o r  a lander mission. 
d e t a i l  i n  t h i s  paper, the Douglas s i l v e r - z i n c  c e l l  must s t i l l  be developed 
i n t o  a f inished sealed c e l l  capable of withstanding the  environmental con- 
d i t ions  that would be imposed by such a mission. There seems t o  be l i t t l e  
question, however, t h a t  t h i s  c e l l  can withstand the r i g o r s  of thermal 
s t e r i l i z a t i o n  and perform s a t i s f a c t o r i l y .  The major problems t o  be solved 
l i e  i n  the conversion of a laboratory device i n t o  a r e l i a b l e  piece of f l i g h t  
hardware. 

O f  the  two approaches discussed i n  

The e l e c t r i c a l l y  regenerative f u e l  c e l l  has operated both as a s ingle  
c e l l  and as a m u l t i c e l l  u n i t  with a cycle l i f e  >300 a t  70° t o  SOo C.  
has a l s o  operated a t  l 5 O o  and a t  75O C a f t e r  a l 5 O o  C storage of 67 hours. 
Work now underway on the electrodes and membrane should enhance r e l i a b i l i t y ,  
improve cycle l i f e  considerably a t  a l l  temperatures, and enhance s t e r i l i z a t i o n  
capabi l i ty  . 

It 

The approaches offered by Gulton I n d u s t r i e s  and Eagle--Picher of fe r  some 
promise, based on the  information ava i lab le  t o  t h e  author a t  t h i s  time. As 
more t e s t  data become avai lable ,  a more accurate  appra isa l  of t h e i r  meri ts ,  
r e l a t i v e  t o  the other methods discussed, w i l l  be possible .  
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